Abstract In a survey of undiscovered taxa in Korea, three zygomycete fungal strains-EML-W31, EML-HGD1-1, and EML-RUS1-1-were isolated from freshwater, grasshopper fecal, and soil samples in Korea. On the basis of the morphological characteristics and phylogenetic analysis of internal transcribed spacer and 28S rDNA, the isolates of EML-W31, EML-HGD1-1, and EML-RUS1-1 were confirmed to be Cunninghamella bertholletiae, Cunninghamella echinulata, and Cunninghamella elegans, respectively. These species have not been previously described in Korea.
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Isolation and Characterization of Three Unrecorded Zygomycete Fungi in Korea: Cunninghamella bertholletiae, Cunninghamella echinulata, and Cunninghamella elegans 
MATERIALS AND METHODS
Isolation of fungal strains from grasshopper feces, freshwater, and soil samples. In July, grasshoppers were collected at the CNU Arboretum located in Chonnam National University, Gwangju, Korea and put into 50 mL conical tubes (SPL Life Sciences Co., Pocheon, Korea). Grasshoppers were transferred to the laboratory and after 6 hr, feces were obtained from the bottom of tube using sterile forceps, placed onto water agar (20 g/L agar in deionized water), and incubated at 25 o C for 3-7 days. Under a stereomicroscope, hyphal tips were transferred to potato dextrose agar (PDA) plates, using tips of heatstretched capillary tubes.
Soil samples were collected from the garden of Chonnam National University located in Gwangju. Freshwater samples were collected from a branch stream of the Nakdong River located in Gyeongsangbuk-do, Korea. These samples were transferred to sterile 50-mL conical tubes, and stored at 4 o C until examination. Fungi were isolated by a serial dilution plating method. In this technique, 1 g of soil or 1 mL water was mixed with 9 mL of sterile distilled water and the solution was shaken for 15 min at room temperature, and serial dilutions were made ranging from 10 To investigate growth rates, EML-W31, EML-HGD1-1, and EML-RUS1-1 strains were incubated on PDA medium at DNA extraction, PCR, and sequencing. Genomic DNA was extracted directly from the mycelia of fungal isolates, using a genomic DNA prep kit (Solgent, Daejeon, Korea). The ITS region and large subunit of 28S rDNA were amplified with the primer pairs ITS4 and ITS5 [20] ; LROR and LR5F [21, 22] , respectively. The PCR amplification mixture (total volume, 20 μL) contained the fungal DNA template, 5 pmol/μL of each primer, and the Accupower PCR Premix (Bioneer, Daejeon, Korea). PCR products were purified using the Accuprep PCR Purification Kit (Bioneer) according to the manufacturer's instructions. DNA sequencing was performed on an ABI 3700 Automated DNA sequencer (Applied Biosystems Inc., Foster City, CA, USA). The EML-W31, EML-HGD1-1, EML-HGD1-2, EML-RUS1-1, and EML-RUS1-2 sequences were deposited in the NCBI database under accession numbers as shown in Table 1 .
Phylogenetic analysis. Sequence data obtained from the GenBank database (Table 1) were aligned using Clustal_X v.1.83 [23] and Bioedit v. 5.0.9.1 software [24] . Phylogenetic analyses were performed using MEGA 6 software [25] , and maximum likelihood was constructed by Kimura's twoparameter correction method. Mortierella parvispora was used as the outgroup. Reliability of the internal branches was assessed using the p-distance substitution model, with 1,000 bootstrap replications. On the basis of the ITS and 28S sequence analysis, the three isolates EML-W31, EML-HGD1-1, and EML-RUS1-1 were identical to C. bertholletiae, C. echinulata, and C. elegans ( Figs. 1 and 2) , respectively.
RESULTS

Taxonomy of EML-W31.
Cunninghamella bertholletiae Stadel, Über einen neuen Pilz, Cunninghamella bertholletiae: 1 (1911) ( Table 2 
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Mycelial growth on SMA was sparse. Sporangiophores were 5.5-9.3 μm wide and erect and had solitary, opposite, or verticillate branches. Sporangiola were globose to ellipsoidal, and measured 7.3-11.6 × 6.1-10.5 μm. Terminal From the description by Baijal and Mehrotra [10] .
vesicles were subglobose to oval and measured 18.3-35.5 μm in diameter. Lateral vesicles were oval to pyriform and measured 13.1-19.8 μm in diameter. Chlamydospores and zygospores were not observed. 
DISCUSSION
In this paper, the detailed morphologies of Cunninghamella species were described based on ultrastructures revealed by SEM and light microscopy. Observing the detailed morphologies of sporangiola and sporangiophores under SEM are valuable tools in classifying a diverse group within Cunninghamellaceae.
In the studies by Samson [26] , Baijal and Mehrotra [10] , and Lunn and Shipton [27] , C. bertholletiae and C. elegans were considered to be the same species because there were no significant differences in the morphological characteristics. Generally, temperature plays an important role in fungal growth. In this study, the effect of temperature on the growth of different Cunninghamella species varied with the species. According to Weitzman and Crist [14] , growth capacity at 40 o C, or at temperatures above this was a key parameter used to distinguish the species of C. elegans and C. bertholletiae. These authors showed that the species of C. elegans has a maximum growth temperature of 37 for C. elegans was 37 o C. The observed growth temperature of C. bertholletiae and C. echinulata suggested that these species of Cunninghamella have thermotolerance. Our results are in agreement with those reported by Weitzman and Crist [14] in that temperature tolerance is a criterion for distinguishing the difference between C. bertholletiae and C. elegans species.
Although C. bertholletiae and C. echinulata have a similar temperature tolerance, C. bertholletiae is morphologically different from C. echinulata because it forms long branches on the sporangiophore.
The morphological characteristics of the Cunninghamella echinulata isolate studied were similar to those previously described by Baijal and Mehrotra [10] . However, our Cunninghamella echinulata isolate had sporangiophores with swellings, which was not described by Baijal and Mehrotra [10] .
Despite the wide intraspecific variation found among some taxa, the ITS region is the barcode marker for mucoralean species identification. The identification of the isolates was confirmed by DNA sequencing of ITS and 28S rDNA. In the phylogenetic trees based on the ITS and 28S sequences, EML-W31 strain was placed into the bertholletiae clade, EML-HGD1-1 and EML-HGD1-2 strains into the echinulata clade, and EML-RUS1-1 and EML-RUS1-2 strains into the elegans clade, along with representative species of C. bertholletiae, C. echinulata, and C. elegans ( Figs. 1 and 2) . The results of our molecular data analysis were consistent with the phylogeny presented by Walther et al. [16] and Yu et al. [6] . Pispek [28] described a new species, C. polymorpha, on the basis of the morphological characteristics of variously branched sporangiophores and globose or ovoid to ellipsoidal conidia. Weitzman and Crist [14, 29] later demonstrated that C. polymorpha was a synonym of C. bertholletiae on the basis of mating and morphology studies. Recently, Walther et al. [16] and Yu et al. [6] , who performed phylogenetic analysis of sequences of C. polymorpha, indicated that this species was a synonym of C. bertholletiae.
Morphologically, the species of C. bertholletiae reported here had a close similarity with the description by Weitzman and Crist [14] , although there were differences in the size of the terminal vesicles. The sizes of terminal vesicles were potentially larger (15-52 μm according to Weitzman and Crist [14] ) than those (16.5-45.5 μm) observed in our isolate.
In recent studies on zygomycetous fungi belonging to undiscovered taxa in Korea, eight new species have been registered in Index Fungorum [4, 18, 30, 31] .
Our results suggest that our knowledge on the diversity of zygomycetous fungi is small and more undescribed and novel taxa in zygomycota remain to be discovered.
